
i Internal Report
l DESY Fl-76/06
W?rcember 1976

Bibliothek
l 9. JAN. 1977

The Effects of Cross Talk and Strong Magnetic Fields

in Liquid Argon Shower Counters

by

G. Knies and M. Kobbelt





The c t f e c t s c > i c r u - . - t ; i l k and ~iri>nn : i , , . ; : n - t i < f i t-1 •

in l i i | u i i l a r^on s l i o v t P r r min i < • r:-

A get of t vo i i ; u % « l l L - t l t - in i / l i 1:11 i il a i / " ' ' i - l s c v p ; - c o i i r . n - i - ; i. t !ic

t o w e r s t r u c t u r c h f i v c bcen Im i l 1 am: I c - . - i c J i r . an r l t - < t n . n !n-a:'i

of e n r r ( > i f - ^ "!> to 'i i l e V . Wo h f s v r - i n v c s l i L; a t cd i h r - t - l c c t ror. i c

c r o s s t & l k and t h p sliow.T Ic&l.^^e I j f t w i - i - n l lir t vo .n; ju i n i iif:

shovt- r t o vor s . The e l e c t r u n i c cro ss t a! k v n s i n iriTH- rti l ai o und 1

I- 'ur t l ier i i iore t h p de t ee to r vas o x n o ^ e d tu a n i i ign i ' t i c f i e l il of lu k

T h e B h o w p r s i ^ n a l s vcre not a t f e c i e i i by t h i s f i c l d .

I n | KI r t i cu l a r t i n - y ••: 'im l t a ; j c u u =. l y ;•. ! l u v in r an a r t a l & r ; ; u cri! a t i o n

l i k p u c h i - c k e r I j o a r i ! ( F l i o v e r t u wer s ) - t o ac bi L* v« a good m u l t i -

s l i u v c r st' ;mra t i ( i n - and a l o n ^ i t int i nu l s r i < t ; H ' i i T a t i u u i o r S I K J v » < > r

i r r n w t!i.

S i nee tho re i s conr i ,U- r ab 11- c äpa t 1 i t v r u u i j l i n-^ In -1 v, t - c n ad j u et- n l

t fn - t ' i - s , c r - ' i s •• t a l !; b t_-1 v e c : i t ! iü s*- ". i ;:iii be J L |in !, ! r i ' i , I n n u r r h a : i b i - 1 -

T n i - r i > u ; > ! ; nn c*t p£ti s t \a - 4o ; i i ! ) . • T.^ t ' i - n t v, o i n l l l n v c r t . . ! fn»evc r,

i f t l i f - f e t - i l -bat i, t i -T.e u f t i i t- L :m r <; r t f r ; s i t ivi- ii: .; l i f ' i i - i i H r . iuc b

-ho i-1 e r t !ian 1 l.i ' r bar;;.- co l l i > c t l on t i T 'P VP v j l J have (i cu r r i ' i i t

T . e a s ' i r p n p n t . i bu s T l i e re v i l l be n o pr-1 i -n t i a l bu i l d - u j i l o i m l i i c e

i- r ü s s 1 ,-i l k .

\r t T u n [i i ' i a i ^ n c t i c f i c l i l ti t ! e c t s t In 1 in \ i i a^a t j o ii o t' l iJ u c u r r^ v r l e c t r u n

' I n s t o f t I I P . I o n i s a t i o n i n a s h < j v . t > r L S n r o d n c i ' d by ( - t r c t m n s ') f a f i / \

'!e\'. i "M- s a !• t r u:: r ~s\. t- t i c f i t* l < i i i ; i i ' r J I P i . - t i cu l e. r t o i l • • ^ im v<- r

i : i r cc i i or., a f f f - r '. I M - r i . H i j ' t - d e - ;n j ?, i t i u n ar . i i t ::c c l i n r j . ' i - c - > l l f f 11 IM.

,-ir, d so a l t p r i!n> P Ü I - :-f;y r P spini.-c a:.'l J - P « - N l u t i on '"!



The t wo s h o v, er t o wer s wer P c o n.- t ruf t eil a a

The s h o w c r c n u n t er was bu i l t äs a _ , „ . . _ . _

th i ck , I M cm h i (;h and 20 cn v i d e , I n pac h p l a t e t l i i ' r o v p re t v o

lead r o n v e r t e r s (in \0 x 0 .11 cm } j j l u c d he t w e e n t wo c f i f i p e r

c o a t e d f i b r e g l a s s e p o x y s h e p t s ( ä e e f i £. l ) . The t wo c o p . i e r

a u r f a c e a (10 cm x 10 r m \ um ) se rved a 3 e l (•<• t r ode s . The

p t a t e a w e r e a r r anged to a s t a u k w i t h ~2 ( japs of J mm de p th . The

a p a c i n g waa o b t a i n e d by c e r a s ' i i c w a s h e r a , and the v h ö l e S t a c k w a <

t o g e t h e r liy ^ f i b r e g l a s s r o d s (0 = 0 ,6 c m ) .h e l d

S i nee there were seve ral (iE/dx ^aps int er l eaveil , t he ac tua l l enj i th

of the d e t e c t o r was 4 0 , 9 cm and it p r o v i d e d 15 rad i at i on l i 'ngt hs .

The dev ice was c o n t a i n e d in un i n s u l a t e d box out of 5 "rn s t a i n l e s s

S tee l , s i z e 72 x 22 x 12 cm (ste f i g . 2 ) . Tl ie f r o n t c o v e r had a

windov of ^ . 5 x l r t . 3 cm" w i t h a t h i c k n e s s of 3 mra.

Tl ie i n s u l u t i o n vas 5 c m t h i c k «ml s~aa ma i l c ou t u f t\.o l ayc r t t o f

A r-iaf l ex wi t h a l a y o r o f su pc r i nsu l a 1 1 o n f o i l Lt - iv t -er i . Coo l i n;; wi i s

p r u x ' i d e d b y l i q u i d n i t r o f M - n f l o w i n j ; t h r o u g h t h e c o n i i n ) ; p - J c U e t S

( s e e f i g . 2 ) .

2. Si gnal read out

Fach C o n v e r t e r p la te c a r r i e d 2 {jiiad ra t L C co n p e r e l i - c t roJc s o n e i t l n - r

s i de (see f i j r . l ) . Ac r n s s thf gapa a h i i ; l i vo l t a^e (i f 1 . 5 k V vas

app l l ed ,

f o k e e p c a p a c i t i e g loi , p r i ' i u ^ l i for t l ie a r; p l i l l e rs t i \n t. g a j i s

ve re c o n n e c t ed se r i a" l y a:u: s i x suc h para l l e l se r i c s w( ' re c o n n e c tei :

in p a r a l l e l ' to fo r - i the f r o n t n a r t , - \ n a t l i f r s i x . « P r i e s f o r ' n e d t b r

baclt par t o f on? t u w e r ( s PC f ig . 3 1 . T!uj ca |)ac i ty o i' n a c h see tor was

250 p!1' (208 f r o r a t l ie . sbover s t a r k and ^2 f r o n s i g n a l l i n o s ) . The s i ß r i i L l s

o f t h e fou r s h o w e r c o u n t e r s ec to r s , i . e . f r o n t a n d back j i a r t , I c f t a n d

r i gh t , were c o n n e c tc ti t o r l m i - g e - a e u s i t i vc -a inp l i t' ie i's , Tbc an p l i f ' i e r l i nt-

c o n s i s t e d of a c ha r f i t ' - s c ' i i s i t l v L- [ i r c - a n j i . , a s h n | i i n ^ c i r c u i t ,

a cab le . d r i v i ' r atul A!)Cs w i t h 251' c lumrie l s. The c o n t u n t o t' the

A D C ' s was t r a n s f ' e r e d to a PHP 11 C o m p u t e r .

I 'i g. ^ sbowi i t I IP e x p e r i n o n t a l t>r t-u • , . The s l iowo r f oun ter was

e x p n s e d t u a n e l e c t r o r . bea^: at c n e r ^ y se t t in ; ; s l i c t v c e n O . j and

"1,0 GeV. A < i - f o l d c o i n c i d e n c e was u s ei l äs a t r i ^ ^ e r for da ta t u k i n c .

M e a a u r c i ' i en ts wer f done a t va n uu ts | > n s,i t i o n s o f t h e shower c o u n t e r w i t h

r c s p e c t t o t l i p beai'i l i n e ( s ee f i f f . ") . T h i s was t o a l l o w f o r a Sepa-

r a t i o n o f s h o w e r leakace a m ! c r o a s t a l k i n t h e l a t c r a n n l y s i s .

In a a i i p c i f t l r un tl:e d f t r c t o r was e x j > o B e i t t o a n a g n e t i c f i e l d o f

10 i t f i a u s s v i t t : t l i e t i c l d d i r e c t i o n j ' f r j i e n d i c u l a r to t l i e - beam l i n e a n < l

t he e l e c t r i c f i e l d a c r o s s i lu - ^ f i j i s , Tlie boan c n e r g y was 3 .0 de V and

t h e e t i t r a r i c p n o s i t i n n w a s ,4/4. I n t b i a c a s e a l l d e t e c t o r e were c o n n e c -

ted to one arsp .

. He au 11!

An e x a m p l e f o r t h e o b t i i i n c d jm l se-he i ght-spec tra in showri in f i f ; . 5. The

c r o s s t a l k S i g n a l s f r o n the i i e i j ; h b ü n r i np; t o u e r s arc g iven in f i « . bc - d ,

They are a i n i l a r to the pure n o i s e epec t ra ( f i g . 6a - b), but s l igh t lv

s l - . i f t e d , by 0.5 chanm 1 !? ( f r o n t ) and 4.5 c h a n n e l s f b a c k ) , n- spec t i ve l y.

Ulien t l i e towor p x p o s e d t o t l ie bean , was n o t c o n n r c t e d t o t h e a m p l i f i e r s

(vi r t ua l f ^ r o u n d s ) the c ro.« s t a l k was l a rge r { f i ^ - be - f) .

The b r o a d e n i n g o f the s h o w e r wi t h ine reas in^ de p t h c au a eil a larj^r

l e a k a ^ e in t I IP bac k pa r t a wl i i l e in t h e f r o n t t o wer s a se parat i o n o f

r r o ss tal k a n < i shover l e akage was poss i b l e a a c.t\n lia seen by the

i n i t i a l f l a t dcve lo u t ü c n t o f t h e cu i -ve i n f i ; ; . 7«.



.a|i i . t - s o i [ s ] , i jv u o i u j j j o j . i^ . iH ' i J .x\l u o % 3 3 j j j

• ^ i - n i o - i . i r; i [ [ ti 111 , t i i i n s . i i { ) j nt i[i[) i,n j e m > i ( s

! > ' , [ - .H| l ' M T J'J l r j ( | a l l =5 O ( I ( I ( ) T|l t.1* !1 [ « I J ] \J ( J

1 |> [ -i i i o.i ,)/ l ([ ' l K v nijiji i i i J j i | .1 T ; i l n j ( » s es n > r > i ( i D l p n o i i se J -in o

•.i i ,-».x: s , )^ . i i [ i , > i [ | • - [ • :: T | a i ' i > ! < ! ! [ = ,i.:c i w .»i 3 r i .1111*5*111 • • : ! l > n 3 i pi« aa • < ' ) l

• 1. ^ ^ ,,n | ! > ; ; , ; i i - | l l » l s < ( , J J j l j l ' 3 J J.-MU 5j J UJ l S iH( l if (l t p U DO.l S

.) i ) i l diiiv i i i o ' i i i i\1!' ' '»AI""! ' ! TI ii;,i i i i i . i i« i ,nni i H ' U ) :<\{l Jo j [8U3 y ̂

.1 .l .AdlJ ? l .)•!.! l I I .» '11 [ I I J, [ 'l l 1 p) l S T I I . t J - J l j l ! I - 4 0 ( ) ]1 l ,1'j 'i.! •] I l I l (['::« . > ' 1 J

• ( I ü ] uo11 t sod

,1 , )UHJ Hl S U I H . ) f ( l l l l ' l - U l t l 1 ( 1 T.*l '|| ' (> l ' f j ' ~t ' B Ü I J H T I I A O l { ü S I S > J B Ü If ,l»q

Ji[ J p'n* i T J O J j , t - i i j i i [ .\ i .1 i i d i , » « v i n ] s H U >l l "1 =" K "J J j o d o u a p u a d ^ p Jq!



leod plates

^

tcp - e?cx>

copper su r face

O

o

res is tor

o

o

l Converter plates front

2 Insuiated Container ! c r c s s

!eft tower n;ht t;wer

back
pari

f r o n t

part

2

— : —

3

L

6 parallel senes o'

6 gips respecnvely

J

l 2 3i5 6

beam ent'ance position

Fig 3 Tcp vie* of the shower courter sec t i c r s

scmti l iators

beam im
t, QTipht iers i, ADCs PDP

Experimente! set uf



1p
CTi

O

O
(/)
l/l

in
TJ
0)
n

er
03c
3

•u
o

NJ

O

D CM

Öl

01 t

er

beam entrance posi t ion 1 beam energie 2 GeV

er
Q
o

Cr
oo
7^

er
Q
n

P

Fig. 5 Shower spectra



i 1 T 1 -~

T • OJ»

\u
0;

^ II\, s
\S "D• o; , Q

\°
\ § 1 £

o \i R 1 -c
c ^ m 1 'S
01 \ -£ 0

'S \ l
»- \.
o \ £
i_ \

"° \i
\ '

.- O l

x s.
x \

\ \
\

\

1
\

1 _ — i 1— - __„ -t

o
m'

.̂

£ *
u |

o

"c
o
LL

.

r°- CTr-j ::
CJ
c
Öl

1_
QJ

5
LO O

^ ^— ̂  -^

l/l

-,

O

*~ c
o

-s 0
c
D

t-, M
-ö o

LO "a
0 —

-S g
o

- o
o
LO

o
IT)

fj)
fN

50-

40

30-

20 -

10 •

o-

1 ' [%]
50

percentage of direct

shower Signal at

entrance pos. 6 |

i
i
ii
1
1
[ 30

front tower (

1
1
i
/ 20

II

/
2 GeV ^f

. 3 GeV ̂ -'--'^-^'^ 1 GeV
— — ~~ — * nT"^ i i i i IM

1 2 3 4 5

i - i i i i
1
i
i

percontage of diruct i
1 1

shower Signal at ' 1
1 1

entrance pos. 6 J|
1 1
M'
i"n

[\'

back tower / / /

II
'/

//'!
s'/'/ //

2 GeV / /S
*' / ',- / /

*•' -^ /.- -" ^, »^ /

3 GeV"'" ̂ ^
1 GeV

1 1 1 I T~ ~

1 2 3 4 5
entrance position entrance position

Fig. 7 Position dependonce of shower leakage



Ich]

30--

2-

0 —

direct sicnal

Ich]

10

cross talk * leakage Signals

other amp disconnected

other amp connected -

0 0.3 0.5 0.7 1.0 1.2 1.5 2.0 25 3.0

E I G e V ]

Fig 9 Cross talk and leakage in back towers

6

4 - -

2 - -

i 1 1— r

k -

3 - -

2 -

1 -

other amp disconnected

f ron t tower

other amp connected

other amp disconnected
back tower

other amp connected

0 0.3 0.5 0.7 1.0 12 1,5 2.0 2.5 3.0

E [GeV]

Hg.10 Cross talk (and leakage in back tower) äs function of shower encrgy



/u j -

3-

2-

1-

nu J

(

%1

30

20-

10

5

nv

4

1 1 r n r ~ — ~T 1 • ' • —

/*\,
/ \t t o w e r

\
\- — _

^ ^ ̂
\'
\^ x

, X
•***

< i ^ — *** J l L

3 0.3 0.5 07 10 12 1.5 2.0 2.5 3.0

EIGeVl

i
\

\ back tower

\

1
\ ^'"" "--- -----

\- '*

\ -""

i i r i i
0 0.3 0.5 0.7 1.0 12 1.5 2.0 2.5 3.C

E [ G e V ]

-n

N)

=r
O

^Q

Ül

ff
O

-5
C

3

1

ô
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